Abstract -Staphylococcal food poisoning is one of the most common foodborne diseases resulting from the ingestion of staphylococcal enterotoxins (SEs) preformed in foods by enterotoxigenic strains of coagulase-positive staphylococci (CPS), mainly Staphylococcus aureus. The presence of enterotoxigenic strains of coagulase-positive staphylococci in raw milk during the production process leads to the contamination of products and outbreaks of alimentary intoxication. The problem of Staphylococcus aureus in cheese remains significant on a global level. Domestic cheese contaminated with enterotoxigenic staphylococci can result in the formation of enterotoxin, which can produce foodborne illness when the product is ingested. Due to microbiological contamination, microbiological criteria are tools that can be used in assessing the safety and quality of foods. In order to avoid foodborne illness, the Serbian Regulation on General and Special Conditions for Food Hygiene (Official Gazette of RS, No. 72/10) provides microbiological criteria for staphylococcal enterotoxins in dairy products.
INTRODUCTION
Raw milk, as one of the basic foodstuffs, must be hygienically suitable as it can have an important negative effect on human health. The content of nutritive ingredients in milk, a pH of 6.6 and udder temperature of 38⁰C create the ideal conditions for the development of bacteria. Milk products, unpasteurized cheeses in particular, are very good media for the development of S. aureus. Cheese can be contaminated with this pathogenic bacterium through milk during the production process or by subsequent contamination (Samaržija et al., 2007) . Compared with other pathogenic bacteria, the number of infective S. aureus necessary to cause an illness is relatively high and amounts to 10 5 cfu/mL/g. The reason for this lies in the fact that the cause of illness is not the vegetative body of the bacterium but the enterotoxins that are produced (Lindquist et al., 2002) . A great number of S. aureus strains produce extracellular thermostable staphylococci enterotoxins, which retain their biological activity even after thermal treatment (Fox et al., 2000) . A direct threat to human health from the staphylococcal enterotoxins is their thermal resistance, and resistance to most proteolytic enzymes such as trypsin and pepsin, which enable their passage through the digestive tract in an intact form (Bennett, 2001) . Based on epidemiological studies, it was concluded that the infective dose of staphylococcal enterotoxins for humans is from <1 μg to 40 μg (Ikeda et al., 2005) . All staphylococcal enterotoxins are proteins with a relatively small molecular mass, from 26,900 to 29,600 Da. "Classical" enterotoxins include five main types of staphylococcal enterotoxins, A, B, C, D and E (SEA -SEE), which are thought to be re-sponsible for 95% of all staphylococcal poisoning (Bergdoll and Wong, 2006) . To date, 20 types have been identified and described: SEA-SEE, SEG-SER and SEU (Jörgensen et al., 2005; Hennekinne et al., 2006) . Depending on the pH value, SEC is classified into 3 subgroups -SEC1, SEC2 and SEC3 (Kér-ouanton et al., 2007) . SEA is the most important enterotoxin in staphylococcal poisoning outbreaks (>75% of outbreaks), followed by SED, SEC and SEB. Outbreaks associated with SEE are very rarely reported, and only SEA, SEB, SEC, SED and SEE are actually detectable by currently available enzyme immunosorbent assay (EIA) kits.
MATERIALS AND METHODS
The TRANSIA PLATE Staphylococcal Enterotoxin (ST0796; Raisio, Biocontrol) is intended to be used for detection of staphylococcal enterotoxins A, B, C, D and E in food samples and in culture supernatants. The method is based on a sandwichtype ELISA. The solid support of the reaction is a microtiter plate with divisible strips coated with antibodies specific for staphylococcal enterotoxins. The optical density is the average of negative controls plus 0.20 : T =(NC1+NC2) / 2 +0.20. The sample is considered positive if its optical density is higher or equal to the threshold. The sample is considered negative if its optical density is lower than T-0.05. Between T-0.05 and T, the sample is considered doubtful. For extraction of staphylococcal enterotoxins, we used dialysis concentration procedures (polyethylene glycol, mol. wt 20,000, cellulose dialysis bag ¨ 6,000-8,000 Da). The detection limit is 0.25ng/ml.
The RIDASCREEN SET kit (Ridascreen set Total R4105, R-Biopharm GmbH, Darmstadt, Germany) is a commercial staphylococcal enterotoxin (SE) visual immunoassay kit. The kit utilizes monovalent capture antibodies against SE types A to E (SEA to SEE) and it simultaneously detects and identifies the enterotoxin type. A cut-off value for the evaluation of a result as negative or positive is calculated by adding 0.15 to the OD value of the negative control. The detection limit is 0.25ng/ml. SED and SEE) . The method uses an enzyme-linked fluorescent assay (ELFA) with monoclonal antienterotoxin antibodies. After extraction (a protocol without concentration), the sample (500 μl) is placed in the sample well of a VIDAS TM SET reagent strip and detection is carried out using the VIDAS automated System: the results are given in a relative fluorescence value (RFV). The system automatically measures the fluorescence of the newly formed compound of 4-methyl umbelliferone at 450 nm, and then calculates and compares the result with the internal reference and interprets the result as positive or negative. The detection limit is 0.25ng/ml.
RESULTS AND DISCUSSION
The results of testing are shown in Tables 1, 2 , 3, 4, 5 and 6.
Based on the results of testing 60 cheese samples for the presence of coagulase-positive staphylococci, presence was detected in 30 (50%) samples (Table  1) . Cheese samples taken during the summer period showed contamination higher than 70% (21 samples) in contrast to the winter period when the presence of coagulase-positive staphylococci was detected in 9 samples (30%). The total number ranged from 3.079±0.17 to 6.41±0.03 (MS ± Sd, log 10 cfu/g). During the summer period, the lowest frequency was detected in sample 18 (3.079±0.17), and the highest in sample 27 (6.41±0.03). During the winter period, the lowest value detected was for sample 50 (3.38±0.21), and the highest for sample 39 (6.07±0.32). Samaržija (2007) obtained similar results, stating that out of 89 samples of autochthonous cheese types produced in Croatia, 54% were positive for the presence of S. aureus. In France, during 2009, six household staphylococcal food poisoning outbreaks were recorded. Cheese samples were available from six outbreaks and the staphylococcal food-poisoning diagnosis was confirmed through the high count of coagulasepositive staphylococci (Ostyn et al., 2011) .
The production of domestic cheese is often accompanied by poor hygienic conditions. However, for an objective assessment of the real microbiological risk for human health, because of the possible presence of S. aureus and/or SEs in cheese, the only relevant one is the selection of appropriate analytical methods that can provide the relevant data on hygienic suitability from start to finish of the technological process in cheese production.
Verification of the Transia kit showed traceability of parameters ( Table 2 ). The absorbance of positive and negative controls was ≥ 0.5 and ≤ 0.3, respectively. The absorbance of doubtful results ranged from 0.287 to 0.337. The obtained results complied with the kit performances. The external standards of 0.5 ng/g and 1 ng/g (negative samples spiked with the enterotoxin A, S9399, Sigma -Aldrich), were considered positive for staphylo- coccal enterotoxin because their optical density was higher than the threshold.
Verification of the Ridascreen assay comprised visual and photometric analyses. Namely, based on the kit performances, it was specified that the test is valid only if both criteria (photometric and visual) are met. Visual and photometric analyses complied with the kit performances. The kit showed compliance of the positive and negative controls in both repeated tests. The cut-off value for evaluation of the result was 0.239. The external standards of 0.5 ng/g and 1 ng/g (negative samples spiked with enterotoxin A, S9399, Sigma -Aldrich), were considered positive for staphylococcal enterotoxin because their optical density was higher than the cut-off value (Table 3) .
Verification of the Vidas Set 2 comprised the analysis of positive and negative controls and spiked samples in concentrations of 0.5 ng/ml and 1 ng/ml (Table 4) . Results were interpreted in accordance with the threshold. Results with test values less than the low threshold ≤0.13 indicated a sample without a detectable enterotoxin (negative sample). Samples with test values greater than (or equal to) the high threshold ≥0.13 are reported as positive. The external standards of 0.5 ng/g and 1 ng/g (negative samples spiked with the enterotoxin A; S9399, SigmaAldrich), were considered positive for staphylococcal enterotoxin, according to the RFV values.
According to the test results, out of 60 samples 24 samples were tested for the presence of SEs (Table 5) . Out of 30 samples positive for the coagulase-positive staphylococci, the samples 3, 9, 18, 29, 45 and 50 were not tested for the presence of SEs because the total number of coagulase-positive staphylococci was below 10 5 cfu/g. The results of testing for the presence of SEs using the Transia kit showed that 17 (23.61%) samples were positive, 5 (6.94%) were negative (4, 17, 21, 22 and 25), whereas 2 (2.78%) samples (7 and 27) were defined as doubtful. Regarding the Ridascreen kit, 18 cheese samples were positive for the presence of SEs while 6 (4, 17, 21, 22, 25 and 27) were negative. There were no doubtful results. For the doubtful samples after testing by the Transia kit, the Ridascreen kit produced the following interpretation: sample 7 was positive for the presence of SEs while sample 27 was negative. Testing by the Vidas Set 2 gave results identical to those given by the Ridascreen kit: out of 24 samples, 18 (25%) were positive for the presence of SEs whereas 6 (4, 17, 21, 22, 25 and 27) a dialysis concentration step of the water extract towards PEG (over night incubation) could cause false positive or doubtful results, decreasing the overall method specificity.
As a result of testing the performances of immunoenzymatic methods, Vernozy et al. (2004) came to the conclusion that VIDAS TM SET2 had a greater specificity (100%) and sensitivity than TRANSIA PLATE Staphylococcal Enterotoxins. The high performances of VIDAS TM SET2 might be, at least in part, because of the use of new monoclonal antibodies and polyclonal antibodies directed against different antigenic sites. The high affinity of these antibodies could lead to a greater sensitivity. The VIDAS TM SET2 test without the extraction step needs only 80 min to perform. Unlike the TRANSIA PLATE, they are automated detection tests, 'user friendly' and can be incorporated into a Hazard Critical Control Point (HACCP) program (Su and Wong, 1997) . For these reasons, they can be used for large-scale enterotoxin screening of food.
CONCLUSION
A conclusive staphylococcal food-poisoning diagnosis is mainly based on the detection of staphylococcal enterotoxins in food. Therefore, there is a need for specific and sensitive methods for detecting these enterotoxins. Our test results suggest that all three immunoenzymatic methods are equally effective in the detection of staphylococcal enterotoxins in cheeses from domestic production. However, matrix preparation, the duration of analysis, specificity and sensitivity, give an advantage to the Ridascreen Total Set and the Vidas Set 2 Automated System.
